In this paper, we show that the scale of spatial variation of the order parameter ~ in extreme type II superconductors has a temperature dependence other than that of the temperature dependent Ginzburg Landau coherence length ~o( T). Furthermore for temperatures in the vicinity of the critical temperature Tc our results indicate that ~/~o( T) decreases with decreasing temperature.
When an external magnetic field is applied to a type II superconductor, vortex lines form provided that the magnetic field is below the upper critical field H e2 •
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For temperatures just below the superconducting transition temperature T e, or for a magnetic field just below H e2 , such vortices can be analysed within the Ginzburg Landau (GL) framework.
For temperatures further below Te the Eilenberger and Bogoliubov equations have been investigated, through interative or variational methods.
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Kramer et a1. 3 ) and Gygi et a1. 4 ) find that the scale of spatial variation of the order parameter divided by the GL temperature dependent coherence length decreases with decreasing temperature. On the other hand Dorsey et a1. 5 ) claim that there is no appreciable temperature dependence in this quantity.
Instead of formulating the problem in terms of Green's functions and the order parameter we adopt a path integral approach. Here the fermion fields associated with the electrons are integrated out, resulting in a formal expression for the free energy in terms of a functional determinant. The order parameter configuration is then given by minimisation of the free energy.
In this paper we will be concerned with the quantity ?.=~/J[~o(T), where ~ is the scale of spatial variation of the order parameter and ~o( T) is the GL temperature dependent coherence length. Any temperature dependence of?. indicates that ~ has a temperature dependence that is different from the GL variation. This work aims to determine whether?" has any temperature dependence.
The vortex free energy, relative to that of the uniform configuration, at finite temperature, T=l//3, can be written as a ratio of two path integrals over Grassmann 
where UJn=(Jr/J3)(2n+ 1) are the Matsubara frequencies and the trace is to be understood in the functional sense. That is, Tr(···)=trJ d 3 x<xl("')lx> and tr is the trace over the internal matrix space. In deriving Eq. (5) we have made the replacement 1 1
which holds for rE~al positive determinants. We have also used the standard identity In Det(···)=Trln(···), The gap equation is given by minimising Fo with respect to £10, that is, (6) Using this the order parameter contribution to Eq. (5) can be absorbed into the trace (7) The argument of the trace can be represented as an integral over the "proper time", s. We find, in a similar way to Ref. 
The modified kernel K(s) can be expanded in powers of the proper time s. The expansion of K(s), when substituted into Eq. (8), does not result in any infinities because there are no S-I/2 or SI/2 terms in the expansion. Moreover, this expansion has a well-defined zero temperature limit.
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This is because the large s part of the integrand of Eq. (8) is exponentially damped by the factor exp( -sLlo 2 ). Let us write the series as
In evaluating the expansion it is convenient to drop the vector potential and introduce it later by gauging the An's. Of course some terms will be missed by this procedure; these are either pure magnetic terms or combinations of the magnetic field with covariant derivatives of the order parameter. As we are concerned with extreme type II systems, where the vector potential varies over a much larger scale than the order parameter, such terms will make a negligible contribution. Evaluating the trace in Eq. (9), we obtain (see Appendix 3 of Ref. 9) for additional steps leading .to this equation)
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where a acts on everything to its right. The problem can be substantially simplified by linear ising the spectrum. IO ) This is a good approximation as all the integrals are peaked about the Fermi surface. Linearising we make the replacement - (12) where Ii is a unit vector (and not an operator) and N(0)=mPF/2J[2 is the density of states at the Fermi surface. Also, neglecting derivatives of the order parameter in favour of powers of the Fermi momentum, we have 
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where L is the length of the vortex and the operator () is given by 2ic -1 -1 -.
() = -T k · a-;r(k· (2)-----xiCJ3k ·(aV)+ V2-1 (15) with A=ilo/;/VF=/;/7C/;o(T) and /;o(T) the temperature dependent GL coherence length.
This enables us to define the dimensionless coefficients An, given by
From the nature of (), Eq. (15), it follows that An's are functions only of A. When they are gauged they will have an additional contribution, which will be a function of A/AB, where AB= 6/7C/;o( T). So that the free energy takes the following form:
If, therefore, the value of A that minimises F-Fo is independent of temperature it Weare now in a position to determine whether Ae is a function of temperature. First we note that in the GL region only A2 has an appreciable contribution to the free energy since higher order terms are down by powers of ilo. In conclusion we make the following statements: (i) The ratio ~/~o is generally temperature dependent implying that the vortex scale ~ has additional temperature dependence beyond that of Ginzburg Landau theory.
(ii) At temperatures close to the transition temperature T c , the dimensionless vortex scale Ae is s~aller than the Ginzburg Landau value 1/ .j(4In2-1) =0.75· ...
What happens for very low temperatures has to be answered using a different approximation/I) since the expansion for the free energy, Eq. (18) has been tested on an exactly solvable system and yielded errors in the analogue of Ae of approximately 50 %. This inability of the method is not surprising since at T=O there is no small expansion parameter.
